Abstract-The Jules Horowitz Reactor (JHR) is a European experimental reactor under construction in CEA Cadarache. It will be dedicated to material and fuel irradiation tests, and to medical isotopes production. Non-Destructive nuclear Examinations systems (NDE) will be implemented in pools to analyse the irradiated fuel or tested material in their supporting experimental irradiation devices extracted from the core or its immediate periphery.
I. INTRODUCTION
on-Destructive nuclear Examination systems (NDE) will be implemented in the future Jules Horowitz Reactor (JHR). This article describes the progress of equipment projects concerning three benches immersed in pools.
CEA has entrusted its Finnish partner VTT, under an inkind contribution agreement, with the design and manufacturing of experimental instruments including two identical underwater benches called UGXR ("Underwater Gamma X Ray"), one in a reactor pool named RER, the other in a storage pool named EPI.
UGXR benches are used to carry out non-destructive examinations of the various test devices used to perform JHR experiments. Both UGXR benches are liable to accommodate the entire test device to perform the following examinations:
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-Radiographic and tomographic X-ray imaging, with the highest possible spatial resolution , of the experimental sample and of the internal equipment structures of the test device,
-Quantitative measurement, before and after the experiment, of the spatial distribution of gamma emitters in and around the experimental sample.
Independently of VTT's contribution, CEA is designing a third immersed NDE bench for which NML contributes to the definition of a suitable neutron detection system. This facility will be able to generate axial neutronograms of experimental samples previously extracted from the JHR test device. Being more sensitive to light nuclei, these images will provide valuable additional information.
Design studies are performed with Monte Carlo transport codes (MCNPX [1] , GEANT4 [2] ) and specific simulation tools developed by the NML for X-ray and neutron imaging.
II. GENERAL PRINCIPLES CONCERNING THE TWO UGXR UNDERWATER BENCHES
The design of the UGXR benches allows them to accommodate the entire JHR test device and be used for two different types of examinations. This design principle offers decisive advantages as gamma measurements and X-ray imaging operations can be cycled for a single test device bench loading operation, without the need for any prior, irreversible operation of extracting the experimental load.
This advantage requires a design scale suited to the maximum weight and size of the entire test device that is to be loaded onto the bench: 6.5 metres high and 500kg. The two UGXR benches are installed in their respective pools according to a required configuration: a vertical supporting structure which, for earthquake resistance reasons, must be as light as possible. This structure is fully supported on the edge and allows the test device to be displaced height-wise, in rotation and transversally in front of a collimation feedthrough. This feed-through, located at an approximate depth of 4 metres, accommodates X-ray and gamma collimation instruments to control the geometries of the various viewings. Global diagram of an UGXR bench.
In the out-of-pile section, an accelerator provides a flux in the order of 5 Gy/min at 1 metre with a focal zone of diameter 0.5mm. This accelerator meets major on-site installation requirements: minimization of the exclusion area, adaptability to three different feed-throughs, very restrictive reservation volumes, compatibility with a contaminating area. A prototype development is under way, entrusted by the CEA to the French company PMB-Alcen, independently of VTT's contribution. It is due for delivery at the end of 2013. Still in the out-of-pile section, the gamma instrumentation comprises a shielded measurement unit located in line with the motor-driven collimation inside or adjacent to the feed-through (cf. § IV).
A high-resolution X-ray camera is set in a sealed container. It is placed in the collimation axis of the X-ray beam coming from the accelerator (cf. § III).
The bench design must meet demanding requirements: earthquake behaviour involving three SSIs (Safety Significant Items), underwater mechanics involving risks relating to corrosion and water-lubricated mechanisms, support of a gamma source term involving security risks in the out-of-pile section and safety risks in the underwater equipment section.
The design and development of the two benches has been divided into two contracts, for which VTT is the Project Owner: one relates to the underwater part, and the other to the out-of-pile section. Based on the scheduling of the first contract, an order should be placed by the end of 2013, following the European Request for Proposals (RFP) launched at the end of 2012. The RFP for the second contract is due to be launched in the summer of 2013.
III. UGXR: X-RAY IMAGING PART
We have seen the practical advantage of having the imaging and gamma measurement means on the same bench loading the entire test device. In doing so, the JHR experimental equipment features an X-ray imaging device which, in terms of added value, is able to generate high-resolution 2D and 3D tomographies.
This then leads to a dual challenge: developing a shielded underwater prototype camera suited to high-definition measurements and rotating a tall and heavy test device without adding any significant mechanical blur. These points have been assessed upstream from the UGXR contracts. The paragraphs below show how these points lead to a positive conclusion of feasibility.
A. X-ray Camera
Most experimental objects involved in X-ray examination form a strong, diffuse source of gamma rays, therefore likely to interfere with the specific X-ray source generated by the accelerator. The solution usually implemented consists in collimating the camera in the direction of the X-ray source and according to a single dimension, therefore eliminating most of the effects of the noise source generated by the extended gamma source. An MCNP [1] modelling approach carried out by VTT defined the optimal dimensions for the collimation.
A first innovative approach based on an advanced detection principle using a GaAs (Gallium Arsenide) semiconductor has been tested by VTT's partner Oxford Instrument Analytical.
As the experimental feasibility of this first procedure was not conclusive, the CEA proposed an alternative solution based on a scintillator [3] associated with a CMOS matrix component through an array of optical fibres [4] , the magnification factor k of which allows the size of the detection (scintillating surface area) to be adapted to the light measurement size (surface area of the CMOS pixel matrix). Principle of 1D acquisition with a matrix component.
A preliminary design study has been carried out at the NML based on GEANT4 [2] modelling of the energy deposits in the scintillator, on a global simulation of the acquisition and tomographic reconstruction process (NML internal tool MODHERATO), and on an analytical approach involving almost all the design factors coming from the CMOS sensors identified at a recent market review, on the suitable array of optical fibres, on the various possible scintillators and on the viewing geometry required by the installation in the JHR.
This approach can be used to rigorously estimate the effective size (Ld_eff) of the elementary detector based on the size of a CMOS pixel magnified by the optical fibre (possibly with the combination of pixels 2 by 2, referred to as "binning"). In particular, the increase in size linked to the blurring effect generated in the thickness of the scintillator is estimated, taking into account the numerical aperture of the fibre [4] .
An optimal noise criterion has been set based on a qualitative assessment of the results of tomographic images generated by the MODHERATO simulator. The noise mainly affects the quality of image, not its geometric resolution.
At the end of this modelling, simulation and analysis operation, the NML proposes three possible configurations similarly respecting the qualitative noise criterion, see Table I . These different configurations have various advantages and drawbacks. For example, the fastest one (CMV20K) prevents the use of scintillator type YAG:Ce, which would be the most suited to high resolution [3] . In addition, CMV20K has not yet been integrated into a commercially available camera.
B. Expected Spatial Resolution for X-ray Imaging
The installation requirements in the JHR leave little leeway to define the viewing geometry. In this study, distances have been considered between the source (accelerator), the object (JHR test device) and the elementary detector (sized Ld_eff, see above) defined according to Fig. 3 . Definition of geometric parameters of an X-ray measurement.
Geometric blur LF is defined based on the usual formula:
The modulation transfer function (MTF), a frequency response characterising our imaging system, can be used to establish a relation between the geometric blur LF and the spatial resolution. Indeed, if we equate the square-wave signal of width LF with the impulse response from the system, the MTF, its Fourier transform, can then be written as follows:
The Nyquist frequency is classically equated with the frequency limit of the system, νNyq=1/(2LF). Applying (1),
MTF(νNyq)=63.7%.
On this basis, the spatial resolutions corresponding to the three configurations shown in Table I may be assessed, see Table II . The expected results as shown in Table II are encouraging. With such a spatial resolution, it would indeed be possible to distinguish density alteration details (crack, corrosion, etc.) smaller than 100 µm. They are still only results of a theoretical approach and will be experimentally checked in 2014, when the design and development work for the X-ray camera and the PMB accelerator have been completed.
C. Effect of a Mechanical Shift of the Centre of Rotation
We know that one of the most significant parameters for the ultimate achievement of the expected resolution power is the mechanical quality of the rotation of the experimental object.
Tomographic acquisition consists in measuring the evolution of the 1D projection of the image from the source through the object during a half-rotation movement. Now, to avoid all significant adverse effect on the resolution of the tomographic measurement, the mechanical quality of this rotation must allow the centre of rotation to be maintained in a position that changes with an amplitude of less than Ld_eff/2., i.e. ±2 arc seconds in our case. For memory, the object is particularly tall and heavy (6.5m, up to 500kg).
This sensitive point was identified early in the project. VTT asked the French company "DEFI Systèmes" to assess the feasibility of a hydrostatic mechanism operating with the pool water, the principle of which is ideally suited to high-precision operation underwater. In our case, the difficulty for this mechanism is to be able to open as two half-shells to load the test device laterally onto the bench.
The company CSTM, appointed by DEFI-Systèmes and specializing in high-performance rotation mechanisms, achieved a feasible concept, but nonetheless showed that such a device requires a greater volume and weight than those of a standard mechanism.
Mandrel opening into 2 half-shells Test device part
Mandrel opening into 2 half-shells Test device part Fig. 4 .
Diagram showing the results of the hydrostatic mandrel feasibility study.
The implementation of a hydrostatic rotation mechanism does not entirely solve the problem of a rotational mechanic defect. The test device to be examined is supported by a relatively light bench, therefore by a non-rigid structure. Now, a JHR test device can be non-axisymmetric, therefore leading to a distortion response in the whole mechanical structure of the bench upon the rotational movement of the object.
This latter point was also addressed prior to the Request for Proposals for the underwater mechanics contract. With finiteelement modelling of a structure representative of an UGXR bench, VTT showed that, with weight rebalancing in the upper part of the test device, the structure distortion should remain within the tolerance range.
IV. UGXR BENCHES: GAMMA MEASUREMENTS PART

A. General Presentation
Gamma spectrometry is a key measuring technique for the monitoring, analysis and interpretation of irradiation experiments. The gamma radiation emitted by the fission products (FP) contained within a single irradiated fuel rod is indeed the only one, out of α, β, γ or neutron radiations, to simultaneously offer sufficient penetration characteristics to come out of the fuel in its experimental device and allow a spectrometer analysis to be carried out to locate, but also to identify and quantify, the radionuclides. By associating this with high-resolution X-ray imaging (radiography and tomodensitometry), uncertainties can also be strongly reduced as regards the determination of activities, by directly integrating into the interpretation process (calculations of gamma attenuation depending on energy) the physical characteristics of the devices measured. Given the very diverse geometries and activities of the freshly irradiated test devices to be measured on the UGXR benches, the gamma spectrometry device implements complex collimation mechanisms, i.e. measurement instruments suited to the high count levels expected, with an energy resolution compatible with the interpretation of gamma spectra consisting of a large number of gamma rays to unfold. A simulation-based design study jointly carried out by VTT and the CEA determined the main components in the detection chain, the high-purity germanium detector, the pre-collimation/post-collimation openings and screens as well as the thickness of the biological protection for operators in the out-of-pile section. Figure 5 shows the main components of the gamma spectrometry device of the two UGXR benches. Main components of the gamma spectrometry collimation system
B. Presentation of the Main Components
Between the high-purity germanium gamma detector (HPGe detector) (1) located in the out-of-pile section and the immersed object to be measured, three functions represented by three successive collimation stages form the gamma collimation principle of the UGXR benches equipping the feed-through.
-The pre-collimation function (2a) enables the emitting volume part of the object seen by the gamma detector to be accurately defined. It is embodied by an opening made in a high mass density block with a suitable thickness (200mm) and with dimensions adapted to the geometry of the object and to the type of examinations to be carried out (axial, transverse scanning, gamma emission tomography, etc.). The precollimation is placed as close as possible to the object measured inside a collimation nozzle entering the pool.
-The post-collimation function (2b) in the out-of-pile section enables the incident flux on the gamma detector to be controlled. It is embodied by an opening made as close as possible to the detector, the dimensions of which allow the incident photonic flux coming from the object measured and corresponding to the permissible range and sensitivity characteristics of the gamma detector and of the associated electronics to be adjusted. This opening is made in a high mass density block with a 200mm thickness.
-The screening (2c) set before the post-collimator in the out-of-pile section enables the high incident gamma fluxes on the detector to be controlled. This function -which works as an attenuator characterised by the matter and thickness that the incident flux must travel through -must be applied when the objects to be examined may reach nuclide activity values the dynamics of which are too broad to be treated by postcollimation only. 
equivalent to the concrete wall of the pool as well as a biological protection compartment (3b) surrounding the gamma detector.
C. MCNP Model Used for the Design Basis
The various components of the gamma spectrometry system presented above were modelled using the MCNP Monte-Carlo transport code. The distance between the ADELINE device axis and the entrance of the HPGe detector is set at 1600mm. The pre-collimator is made of "Densimet" (tungsten-based material) with an aperture of 1mm (height) x 20mm (width) and a length of 200mm, which is well adapted to standard axial fission products distribution. The post-collimator length is set at 200mm. Three source terms presenting relevant activities to be measured were used for the calculation, performance evaluation and optimization of the whole detection chain. One of them represents the maximum activities (1.95*10 12 Bq/mm) corresponding to a High burn-up MOX rod pre-irradiated in a PWR up to 120GWd/t and re-irradiated in the JHR equivalent to 180 consecutive days with a 400 W/cm fissile power. This source term includes more than 100 fission products and constitutes a very ambitious challenge. The time allowed for the examination of a 1mm-high ADELINE fuel sample is set at 430s.
A parametric study was performed for different types of coaxial and planar HPGe detectors presenting a wide range of relative efficiencies. Each detector was modelled for two different axial and transverse positions. In each case, the aperture of the post-collimator or/and the type and thickness of the screens were adapted to limit the incoming count rate (ICR) on the data acquisition module to a maximum of 100000 counts/s.
MCNP calculations are performed in two steps to improve statistical convergence. The collimated geometry and significant photon absorption in the fuel and experimental device requires using MCNP variance reduction techniques The "Flux at a Point Detector" (F5 tally) is very efficient and was evaluated for each case at the entrance to the detector in a first step.
The second step consists of calculating the energy distribution of the pulses created in the different types of HPGe crystals modelled, by the photon flux calculated in the first step. Here we use the MCNP "Pulse Height" tally (F8), and the measured energy resolution of the HPGe detector is taken into account with the MCNP GEB ("Gaussian Energy Broadening") card.
For each simulated spectrum and for all the gamma rays corresponding to fission products of interest, the detection sensitivity (count/s) is calculated by recording the net counting rates (S) in the total absorption peaks, after subtracting the continuous Compton background noise (B) under the peak. Fig. 7 gives an example of simulated spectra obtained for a "BEGe" (Broad Energy planar HPGe with a 2000mm 2 surface) without screen and with a 4mm copper screen necessary to meet the ICR limit of 100000 counts/s. Table 3 shows an example of sensitivities obtained for different FP of interest with a 30% coaxial HPGe detector for a 430-second acquisition time. The dimension of the postcollimator is 10mm by 20mm and a 3.5mm-thick copper screen is needed to have a total counting rate below 100000 counts/s. The choice of the final detector for UGXR spectrometry measurement is a 30% coaxial HPGe with a crystal positioned perpendicularly to the field of view axis. This detector gives the best sensitivity especially in the energy range from 500keV to 1600keV where most FP gamma rays of interest are present.
Shielding design simulations were also performed for the design of the collimator structures to be installed inside the feed-through of the JHR underwater gamma spectrometry system. The collimator system should reach the same level of shielding efficiency as the surrounding concrete walls. At least 600mm of steel should be used in the collimator area inside the feed-through in the concrete wall. The biological shielding around the detector will be designed using lead with a 200mm thickness at the back of the detector/beam, and a 100mm thickness on the side to respect the radiological level of a green area (25µSv/h) in the out-of-pile section.
D. Gamma Spectrometry:Implementation
Based on the simulation results presented above and on the large range of test device geometries to be measured, which are already or not yet known, the final gamma spectrometry detection system will be equipped with:
• A 30% coaxial HPGe detector. For exploitability reasons, the cooling system associated with the detector will be a cryoelectric device such as CRYO5Plus from Canberra, • Seven pre-collimator slits (for example: 0.25mm × 10mm / gamma tomography examination, 1mm × 20mm / standard axial gamma scanning examination or a 60mm hole for fuel bullet examination), • Six post-collimators and six types of copper screens ranging from 0.5 to 5cm thick. The collimation functions consist of interchangeable components and their associations offer the same number of possible different combinations. Therefore, together with this collimation notion, there is a mechanical concept of interchangeability of pre-collimators, post-collimators and screens. This notion of remote interchangeability of the viewing configurations is key in this project. It requires motordriven mechanisms implemented in the space inside or adjacent to the feed-through. These advanced mechanisms will be designed allowing for the allocated volume size restrictions, and with the aim of preserving measurement quality, operability, safety and operator security. The I&C will feature suitable safety chains to ensure radiological safety for operators during automatic and/or manual collimation changes and maintenance and experimentation phases in the out-of-pile section.
V. NEUTRON IMAGING SYSTEM
Of the non-destructive examination (NDE) means commonly used in research reactors, neutron imaging is one of the oldest techniques. The first neutron imaging benches immersed in a reactor pool date back to the 1960s. The neutron imaging system (NIS) of the Jules Horowitz Reactor (JHR) will follow the one used today at the OSIRIS reactor, of which the JHR is to be the successor.
The inspection of irradiated fuel elements involves the specific feature of managing highly radiating objects. Like other NDE, this constraint guides the design of the neutron imaging bench. The system must be installed as close as possible to the neutron source (the nuclear core), but also as close as possible to where the radiating objects to be inspected will be kept (in the pool).
We present design options that are currently being studied for the implementation of a neutron imaging system at JHR.
A. General Description
The area selected for the implementation of the neutron imaging bench is the P5 area in the RER pool of JHR. The system is located in the core midplane at odds of -9,300mm and an azimuth of 240°. The volume occupied by the NIS extends from the beryllium reflector, into which it partially penetrates, to the casing. The neutron imaging system consists of four parts: the first part is a removable nozzle, which defines the size of the neutron source and the beam shape. The second is a conical structure, to allow the best containment of the neutron beam and minimize the impact of scattered neutrons in the formation of the image. The third part of the system is a volume that accommodates the devices to be examined. The last part is formed by the imaging system, an activated metal foil arranged in an irradiation cassette.
In order to obtain the highest possible neutron flux in the collimator aperture, the nozzle and a cone portion are partially introduced into the reflector over a length of 200mm. The nozzle/cone assembly may undergo a horizontal movement (withdrawal movement).
The nozzle of the collimator is a removable piece that will fit the aperture of collimation based on requirements. At least four different apertures will be available, each providing a different performance from L /D ratio ~200 to L/D ratio ~670 see Fig. 8 . Due to the high radiation level of objects examined and their proximity to the imaging system (object to detector plane distance is 40mm at the most), made necessary to minimize the geometric blur, the imaging method used is a transfer method.
An activable metallic dysprosium foil (producing a beta emitter) with suitable radioactive period will be placed downstream from the examined object. Neutron transmission produces a latent image in the form of beta-emitting isotopes. The metal foil is then removed from the pool to form an image by contact with a radiographic film, an imaging plate or other conversion system, which finally leads to the production of a digital image. The transfer method has the considerable advantage of being completely free from the gamma-ray flux, whether it comes from the reactor core or from the inspected fuel.
Its drawback is the overall image production time, which makes for example tomographic examinations inacceptable in routine operations.
B. Performance Objectives
The performance objectives of the neutron imaging system are of two types: image spatial resolution and duration of the examination. The performance objective of the JHR neutron imaging system is to provide an image with a spatial resolution of less than 200 micrometers, and irradiation duration of less than 1 hour per view.
These performance objectives guide the definition of the system geometry. The geometric blur is the fundamental parameter that appears to be the most frequent limiting factor of spatial resolution performance. The geometric blur depends on l and L/D.
The only geometric parameter for reducing the geometric blur without affecting the duration of examination is the distance from the object to the detector (l). This distance parameter is then minimized (less than or equal to 40mm) and will be suitable for each type of object under examination, which do not all have the same dimensions.
In order to adapt the resolution performance to each examination, to a large extent dominated by the geometric blur and especially to fit the size of the object, the concept of the imaging system has focused on the ability to change both the distance from the object to the detector plane (l), and the source aperture (D), the length L remaining fixed.
The intrinsic resolution of the detector is divided into two major components: the spatial dispersion of the neutron capture interactions and emitted electrons within the converter foil, on the one hand, and the spatial dispersion of the emitted electrons interactions in the imager on the other. These two sources of deterioration of the spatial resolution are discussed relative to the detection efficiency by Monte Carlo simulations.
The irradiation duration is inversely proportional to the neutron flux on the detector plane and proportional to the square of L/D ratio. It can be expressed in terms of geometric blur by the following formula: (2) With the aim of keeping operating flexibility on resolution performances or image production time, a modular solution with the ability to work with multiple values of L/D ratio is proposed.
Four values of aperture D are proposed to cover a wide range of operating points. These operating points are summarized in Table III (l=40mm). A special large aperture (10mm or more) will be used in a particular case at low power. The neutron imaging system of JHR should indeed be able to operate in intercycle phases of the reactor, with a power of 2 MW (instead of the full power 70 MW). 
C. Design Options for the Neutron Converter
The converter for recording the latent image must have the following main features:
-A high capture cross section, -A simple decay chain, preferably at short mean free path (beta) so as not to impair the resolution, -A radioactive decay period between 1 and 4 hours, to allow easy handling in the transfer phase and non-prohibitive exposure duration in the image formation phase.
The ideal converter combining these features is metal dysprosium, of which the 164 Dy isotope with an abundance of 28% provides a beta decay of 165 Dy after neutron capture, with a period of 2.23h, long enough to allow the transfer outside the pool and short enough to produce an image in an acceptable time. 165 Dy also has a simple decay pattern with a very predominant beta emission.
The dysprosium foil is optimized to be thick enough to capture a large amount of incident neutrons, and thin enough to let out a sufficient number of beta rays and minimize spatial dispersion.
The capture efficiency on Dy (production of 165 Dy) for thermal neutrons of 20 meV varies between 4.5% and 14.1% for a converter thickness between respectively 50 µm and 200 µm.
The detection efficiency is evaluated by simulation, measuring the energy deposited in the sensitive layer (X-ray film emulsion or phosphor IP, i.e. "imaging plate") per incident neutron on the foil converter.
The best compromise for the dysprosium foil thickness is a thickness of 100 micrometers, with a conversion efficiency nth → e -which reaches a maximum value of 0.37 keV/nth for a spatial dispersion of energy deposits in the order of 30 µm (FWHM) in a radiographic film (single coat).
D. Design Options of the Imager
Several types of imaging systems can be used to convert the beta emitted by dysprosium into a digital signal. The first of them is the historical radiographic film used in research reactor underwater neutron imaging in France. A second type of imaging device commonly used for applications to replace radiographic films is the imaging plate (IP). A third type of system considered is the application of a thin high-density scintillator layer, with high light output directly applied to the dysprosium foil.
The digitization is then performed respectively by film development and optical scanning, by IP scanning, or by CCD reading.
The desired imaging device for neutron imaging is the one that offers the best resolution (image resolution performance), and the best detection efficiency (release time of the digital image).
Different types of imaging systems are currently being studied using Monte Carlo calculations (using MCNPX 2.4.0). The energy deposit and spatial dispersion of beta rays from 165 Dy decays are computed. Efficiency is measured by evaluating the energy deposited in the sensitive layer of the imager per incident thermal neutron on the primary converter.
The intrinsic resolution is measured by evaluating the spatial dispersion of energy deposits per unit surface. Some first results have been obtained on single coat radiographic film (Agfa D3sc), double coat radiographic film Agfa D3, a Fuji BAS SR 2040 Imaging Plate and a thin Gadox (Gadolinium oxysulfide Gd2SO2) scintillator layer (10 µm) deposited on a 100 µm dysprosium converter.
The spatial resolution obtained with the imaging plate is twice (poorer than) that obtained by radiographic film, but with sensitivity 10 times greater. Applying a thin layer of Gadox scintillator appears to be interesting, with the possibility of a very good intrinsic resolution, even better than the radiographic film, for a similar sensitivity as the film.
E. Neutronographic Image Simulations
An effective way to evaluate the performance of an imaging system is to simulate the image resulting from given test conditions. CEA developed a simulation toolkit for X-ray radiographic and tomographic examinations several years ago: MODHERATO. This tool has been modified to be applied to neutron imaging examinations, with the name "MODHERATO-N".
An equivalent optical density image is computed from the calculation of the dose deposited in the film emulsion by electrons from 165 Dy beta decay and sensitometric characteristics of the film.
An example of a neutron image simulated by MODHERATO-N is reported in Fig. 9 showing an UO2 fuel rod in a Zircaloy (zirconium alloy) cladding. The modelled pellets show geometric defects (shape, density defect, cracks). This simulation tool will be improved in the future to simulate other types of imaging devices.
It may be used not only to perform design and sizing studies as is already the case with the classic version for X-Ray imaging benches, but also to produce comparative studies between the different non-destructive technologies available to JHR users.
VI. CONCLUSION
The two contracts relative to the design and development of firstly, the underwater part UGXR benches and secondly, the out-of-pile section will be launched by the end of 2013 by VTT which is the Project Owner.
The crucial phase of inactive NDE experimental qualification will start in 2014 to commission the equipment and check their performances against the safety requirements of JHR. The qualification will use different items of equipment located in the facilities of the CEA Cadarache centre: CINPHONIE irradiation cell for X-ray imaging (in CHICADE nuclear facility) and CESARINE pool for mechanical equipment (in TOTEM facility).
The neutron imaging system is currently under study in the preliminary design phase due to be completed at the end of 2013.
The mechanical structure of the collimation system which will optimize the quality of the neutron beam will be scalable and will offer adaptable operating points in terms of image resolution/neutron flux by using a removable nozzle. The expected resolution performance is less than 200 micrometers for an image formation time not exceeding one hour under normal operating conditions. These research designs are also supported by using a performance evaluation tool as a neutron image simulator derived from software previously developed at CEA for X-ray imaging modelling purposes.
